Introduction {#Sec1}
============

Cystic fibrosis (CF) is an inherited genetic disorder characterised by chronic pulmonary disease, which is the major cause of morbidity and mortality in patients with CF \[[@CR1]\]. Recent studies have indicated that respiratory viral infections may precede pulmonary exacerbations in children and adults with CF \[[@CR2], [@CR3]\]. Traditionally, nasopharyngeal aspirates (NPA) and bronchoalveolar lavage (BAL) samples have been the specimens of choice for diagnosing respiratory virus infections using isolation methods, direct fluorescent antibody detection and polymerase chain reaction (PCR). PCR offers increased sensitivity, specificity, and a rapid turnaround time; in a multiplex format, it facilitates the detection of RNA or DNA from several viruses in a single reaction.

Sputum is commonly used for the detection of bacteria, fungi and yeasts in patients with CF \[[@CR4], [@CR5]\], but the detection of respiratory viruses from sputum is technically difficult due to the viscosity of the samples and the presence of multidrug-resistant bacteria. RT-PCR has been used to detect respiratory viruses in the sputum of asthma patients \[[@CR6]\]. We recently developed a multiplex-RT-PCR assay combined with colorimetric amplicon detection (m-RT-PCR-ELAHA) for the detection of seven respiratory viruses in the NPA of non-CF patients \[[@CR7]\]. In the study reported here the assay was used to detect respiratory viruses in sputa collected from adult patients with CF.

Materials and methods {#Sec2}
=====================

Investigations were carried out on 52 sputa from 38 CF patients hospitalised for respiratory exacerbation at the Royal Prince Alfred Hospital (RPAH), Sydney, Australia. Twenty-four of the 52 sputa were collected from 19 patients between July and September 2001 and 28 from 22 patients between March and August 2002 (3 patients in the 2002 group were enrolled in 2001). Ten patients provided multiple sputa (range, 1--4 samples). Selection of patients for the study was based on production of sufficient sputum for analysis. Each sputum sample collected on admission was equally divided, with one half sent for routine microbiology testing and the other for virus analysis.

The 38 patients were representative of the patient population in the RPAH CF clinic in terms of age (sample and clinic populations both had a mean age of 26 years \[SD=6 years\]), gender balance (identical) and baseline lung function (49% \[SD=21%\] predicted for the sample compared to 49% \[SD=39%\] for the whole clinic). Diagnosis of CF was confirmed in all cases by genotyping or the sweat test. Respiratory exacerbation is defined as a change in the patient's condition warranting intravenous antibiotic therapy based on deterioration in at least four of the following parameters: sputum, haemoptysis, cough, dyspnoea, malaise/fatigue, exercise tolerance, fever, anorexia or weight loss, sinusitis, forced vital capacity or forced expiratory volume in 1 s (decreased 10% from previous recorded value), radiographic changes and chest sounds. Fifteen of the 38 (39%) patients had experienced exacerbations over the preceding 12 months (mean, 1.5; range, 0--4). The demographic characteristics, lung function, number of days as hospital inpatient and concomitant conditions of the patients are shown in Table [1](#Tab1){ref-type="table"}.

The m-RT-PCR-ELAHA used in this study was previously developed and validated in our laboratory. It facilitates detection of influenza A (Flu A), influenza B (Flu B), parainfluenza viruses 1, 2 and 3, respiratory syncytial virus (RSV) and adenovirus \[[@CR7]\]. Sputum samples were transported to the laboratory on ice and stored frozen at −70°C to await processing. Nucleic acids were extracted from 0.2 ml of sputa, without pretreatment, using the High Viral Nucleic Acid kit (Roche Diagnostics, Sydney, Australia). Pooled sputum from CF patients shown to be negative for these viruses or seeded with known virus served as controls. Associations were sought between virus status and continuous variables (i.e., age, lung function, inpatient days) using the *t*-test and between virus status and dichotomous variables (i.e., gender, concomitant conditions, presence of pathogens) using the chi-square test or, for small numbers, Fisher's exact test. *P* values of \<0.05 were considered significant.

Results and discussion {#Sec3}
======================

Overall, 12 of 52 (23%) samples collected from 12 patients were virus positive; four for Flu B, three for parainfluenza 1, three for Flu A and two for RSV (Table [2](#Tab2){ref-type="table"}). Three of 24 (12.5%) samples from 2001 were positive compared with 9 of 28 (32%) from 2002. Flu A, Flu B and RSV were detected in samples from both years. Parainfluenza virus 1 was detected only in 2002 while parainfluenza viruses 2 and 3 and adenovirus were not detected in samples from either year. Six of the seven patients who tested positive for Flu A or Flu B had a known vaccine status. Of these, four had been vaccinated in the year the virus-positive sputum sample was obtained.Table 1Characteristics of 38 patients with cystic fibrosisPatient/sputa characteristicTotal (*n*=38/52)Virus positive (*n*=12/12)Virus negative (*n*=26/40)*P* value^a^Demographics  Mean age in years ± SD (range)25.9±6 (18--39)26.3±6 (21--39)25.8±6 (18--39)0.6  Gender (M:F)17:214:813:130.5Lung function at exacerbation  FEV1 litres mean (SD)1.68 (±0.77%)1.66 (±0.75%)1.61 (±0.77%)0.79  FEV1% predicted (SD)45 (±22%)48 (±24%)45 (±22%)0.62Mean inpatient days ± SD (range)14.9±6.6 (6--39)13.2±3.5 (7--19)15.6±7.4 (6--39)0.20Concomitant conditions  Diabetes mellitus12/38 (32%)2/12 (17%)10/40 (25%)0.7  Addison's disease1/38 (3%)01/40 (3%)1.0  ABPA2/38 (5%)1/12 (8%)1/40 (3%)0.4  Coeliac disease1/38 (3%)01/40 (3%)1.0Other respiratory pathogens (% isolates)*  P. aeruginosa*46/52 (88%)9/12 (75%)37/40 (93%)0.13*  S. aureus*21/52 (42%)7/12 (58%)14/40 (35%)0.19*  P. aeruginosa* + *S. aureus*16/52 (31%)5/12 (42%)11/40 (28%)0.48  Other bacteria10/52 (19%)4/12 (33%)6/40 (15%)0.21*  A. fumigatus*15/52 (29%)5/12 (42%)10/40 (25%)0.29FEV1, forced expiratory volume in 1 s; ABPA, allergic bronchopulmonary aspergillosis^a^*P* values refer to comparisons between virus-positive and -negative groups Table 2Detection of seven respiratory viruses in 52 cystic fibrosis sputa by m-RT-PCR-ELAHAYearNo. of positive samplesFlu AFlu BPIV1PIV2PIV3RSVADV2001110001020022330010FLU, influenza; PIV, parainfluenza virus; RSV, respiratory syncytial virus; ADV, adenovirus

There were no significant differences in the male to female ratio, age, lung function, number of hospital inpatient days or number of exacerbations in the last 12 months between the virus-positive and -negative groups (Table [1](#Tab1){ref-type="table"}). Seven of the 12 patients from whom virus was isolated had other non-virus-related exacerbation(s). There were no statistical associations between virus status and demographics, clinical variables or isolation rates for *Pseudomonas aeruginosa* (*P. aeruginosa*), *Staphylococcus aureus* (*S. aureus*) or *Aspergillus fumigatus* (*A. fumigatus*). For 11 of the 12 virus-positive patients, the same bacterial pathogens were isolated from sputum collected in the 6 months prior to the lung exacerbation; one patient had a small coliform present in the exacerbation sputum that had not been isolated previously.

The role of viruses in the clinical course of CF infection has not been clearly defined \[[@CR8], [@CR9]\]. However, viruses identified in NPA or BAL samples of infants or young children have been linked to pulmonary exacerbation, early acquisition of *P. aeruginosa* \[[@CR2], [@CR10]\] and an adverse clinical course \[[@CR11]\]. RSV seems most commonly involved. In two recent serological studies of older children and adults, Flu A and Flu B were associated with severe pulmonary deterioration \[[@CR3], [@CR12]\]. There have also been reports of the identification of rhinovirus and picornaviruses in the NPA of patients with pulmonary exacerbations \[[@CR8], [@CR13]\].

The results of this pilot study show that the m-RT-PCR-ELAHA can be successfully used to detect several common respiratory viruses in CF sputum. As reported previously, the prevalence of viral respiratory infections in CF patients varies markedly according to the specimen type, detection method, targeted viruses and patient age \[[@CR14]\], but the 23% prevalence found in this study is consistent with findings derived from an adult series using serological assays for a similar spectrum of viruses \[[@CR3]\]. Modification of protocols to incorporate parvovirus B19, rhinovirus, human coronavirus 229E and OC43, and human metapneumovirus would almost certainly increase the rates of positive results.

In temperate regions of Australia, infections with the parainfluenza viruses and adenoviruses occur throughout the year at low incidence levels. Infection with RSV occurs primarily in autumn and early winter, whilst influenza outbreaks usually occur in the winter months. Most samples for this study were collected during the winter months. The higher rates of Flu A and Flu B detection in 2002 compared with 2001 were consistent with data from the general population, which showed moderately increased influenza activity in 2002 over 2001 \[[@CR15]\]. Typically, Flu B peaks in early winter and Flu A later in the season. The Flu A:Flu B ratios in 2001 and 2002 were 90:10 and 80:20, respectively, but in our small sample of CF patients these viruses were detected in similar proportions in both years. This trend could not be explained by collection patterns.

Influenza vaccination is often recommended for patients with CF. Four of the seven patients who tested positive for Flu A or Flu B in the present study had been vaccinated in the current year, but it is not known if they had seroconverted. A recent Cochrane review found no randomised trials examining the benefit of influenza vaccination for patients with CF \[[@CR15]\]. Further study is needed before definitive conclusions may be reached.

The findings of this study suggest that sputum may be a viable non-invasive alternative to BAL or NPA samples for the detection of respiratory viruses in CF patients. However, studies comparing the rates of virus detection in CF sputum using the RT-PCR-ELAHA with those achieved using conventional methods of virus isolation and serology from NPA or BAL will be needed to confirm the sensitivity of the assay for this application. Clarification of the role of respiratory viruses in the clinical course of CF infection has assumed increased importance with the advent of new antiviral agents for pulmonary infections. The availability of a rapid and sensitive diagnostic test for the detection of multiple common viruses would greatly facilitate these investigations. Assuming the importance of viral infections is established, the incorporation of this assay into clinical management programs has the potential to reduce morbidity and enhance the survival of CF patients.
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